The Medical Journal of Australia ISSN: 0025-729X 8 July 2013 199 1 57-63 ©The Medical Journal of Australia 2013 www.mja.com.au Systematic review here are major incentives to invest in the health of Aboriginals and Torres Strait Islanders who are adolescent or young (used interchangeably throughout this article to refer to 10-24-year-olds). 1 An estimated 31.7% of Indigenous Australians were aged 10-24 years in 2006, compared with 20.4% of the nonIndigenous population, 2 and they experience an excess burden of preventable and treatable disease at a life stage when opportunities for education, employment, reproduction and independent living are at their peak. 3 Births to Indigenous teenagers represent about one-fifth of all births to Australian Indigenous women; 4 Indigenous young people have high rates of risk factors for the development of non-communicable diseases in adulthood (eg, obesity, tobacco-related disease); 3 and the mortality gap between Indigenous and non-Indigenous Australians widens during adolescence and persists into adulthood. [5] [6] [7] Indeed, improving young people's health would appear to be critical to the success of the government's National Indigenous Reform Agreement, 8 particularly with regard to life expectancy, reading, writing and numeracy, secondary school completion and employment attainment. 9 Indigenous young people's health is a critical target for health system reform; however, the evidence base to inform health policy and the provision of programs to respond to specific needs remains poorly described. 3, 10 Measuring young people's health is complicated by a lack of agreed indicators, and the problem is compounded by the publication of adolescent health data throughout the diverse paediatric and adult literature. 11 Significant deficits of Indigenous health research have also been described. [12] [13] [14] However, specific research policy reform by the National Health and Medical Research Council (NHMRC) has provided guidance for improved quality of Indigenous health research, 15, 16 and there was an increase in the quantity of Australian Indigenous health research during 1987-2003. 17 The overarching aim of our project was to establish the health status of young Indigenous Australians and identify opportunities to improve their health outcomes. The starting point was to systematically document the existing good-quality literature and the limitations of this evidence base, which we describe here. A synthesis of health outcomes and effective interventions for young Indigenous Australians is forthcoming.
Methods
We systematically searched the literature from 1 Jan 1994 -1 Jan 2011 for peer-reviewed studies reporting health data for Indigenous Australians aged 10-24 years, identifying both descriptive data and evaluations of health interventions. 17 We included studies that exclusively reported data for Indigenous young people, as well as those reporting disaggregated data (ie, studies sampling Indigenous Australians and reporting data for young people, or studies sampling young people and reporting data for Indigenous Australians). Our review process is outlined in Box 1. The Appendix (1a; online at mja.com.au) provides details of our search strategy and inclusion criteria.
Critical appraisal
We critically appraised the included studies, considering studies to be of good quality if they reliably ascertained
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Systematic reviews
Objective: To assess the extent and quality of the evidence base related to the health and wellbeing of young Indigenous Australians. Study design: Systematic review of peer-reviewed literature; grading of quality of literature; mapping of sample characteristics and study foci. Data sources: English language publications, 1 Jan 1994 -1 Jan 2011 in MEDLINE, ERIC, CINAHL, EMBASE, ATSIhealth, PsycINFO, the Cochrane Library and the Australian Indigenous HealthInfoNet. Study selection: Inclusion criteria were: published 1 Jan 1994 -1 Jan 2011; original peer-reviewed research; reported data for Australian Aboriginal and Torres Strait Islanders aged 10-24 years; focused on health and wellbeing. Grading for quality included ascertainment of Indigenous status, representativeness of the sample for the target population, and quality of measures of exposure and outcome. Data synthesis: 360 peer-reviewed publications met inclusion criteria; 90 (25%) exclusively sampled Indigenous young people. 250 studies (69%) were of good-quality design; 124 of these focused on health outcomes (15 of these evaluated an intervention) and 116 focused on health-risk exposure (26 evaluative) . The methodological quality of data improved during 1994-2010; however, only 17% of studies focused on urban populations. A third of good-quality studies of health outcome focused on communicable diseases such as sexually transmitted infections and tuberculosis. There was good-quality data for oral health and substance use, and some data for adolescent pregnancy. Data on mental disorders, injury and cause-specific mortality were limited. Conclusions: Despite improvements, there are important gaps in the evidence base for the health of young Indigenous Australians. Our study points to the need for greater research investment in urban settings and with regard to mental disorders and injury, with a further emphasis on trials of preventive and clinical intervention.
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Indigenous status, included samples that were representative of the target population and employed well defined measures of exposure and outcome (Appendix, 1b; online at mja.com.au). We identified whether descriptive studies reported determinants of health outcomes or health-risk exposures.
Demography: age and location
We defined three age subgroups (10-14 years, 15-19 years and 20-24 years) and described the source and location (eg, urban, rural) of the study sample as reported in the publication. Most studies did not report the geographical detail necessary for analysis by remoteness index 8 as we had intended. Instead, we mapped the sample locations from each study manually on an Australian Bureau of Statistics map and compared it with the population distribution of Indigenous Australians, 2, 19 identifying locations using Google Maps Australia (Google Inc). We used the population distribution of all Indigenous Australians as our comparator, as the population distribution of young Indigenous Australians was not available.
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Study focus
We categorised the focus of each study as either health outcome or health-risk exposure. We further categorised health outcomes using the burden of disease framework as: Group Ia, Communicable diseases; Group Ib, Maternal, perinatal and nutritional conditions; Group II, Non-communicable diseases; and Group III, Injury 6,20 (Appendix, 2; online at mja.com.au). Health-risk exposures were further categorised using an index of health risks which included the 11 main risk factors defined in the Australian Indigenous burden of disease report, 6 risk factors as identified by the Global Burden of Disease Study expert group 21 and risk factors identified for Australian Indigenous children (Appendix, 2). 22 We included teenage pregnancy as a health-risk exposure as it is a significant social-role transition with implications for individual and population health. 23 While health outcomes could be categorised against a single burden of disease category, some studies of health risk measured multiple exposures (eg, alcohol and tobacco). We allowed multiple categorisation for studies measuring the 11 key risk factors. Studies measuring mortality rate (not cause-specific) and population-based studies measuring multiple indicators of health outcome and risk were considered separately.
Data handling and analyses
The review process was managed using an Excel (Microsoft Corporation) datasheet imported into Stata 10.0 (StataCorp) for analysis. Summary statistics were calculated using the  2 test and linear and logistic regression. Hierarchical burden of disease groupings were reported using tree maps 24 generated using the visualisation tool Many Eyes (IBM) and manually traced using Illustrator CS6 (Adobe). The level of statistical significance was set at P < 0.05.
Results
Our search strategy identified 3788 citations; 1509 full texts were reviewed, and we identified 360 peer-reviewed studies reporting data for young Indigenous Australians (Box 1). Ninety studies (25.0%) exclusively sampled Indigenous young people. Two-hundred and two studies (56.1%) were prospective in design. Studies were mostly descriptive (306 [85.0%]) and included 14 case series, 37 qualitative studies, 93 surveillance studies, 149 crosssectional studies, 4 case-control studies and 9 cohort studies. Ninety-three of the 306 descriptive studies (30.4%) reported a determinant. Of the 54 evaluation studies, 34 (63.0%) were quantitative in design and there were no randomised trials. The number of studies published increased over time. The proportion focusing exclusively on Indigenous young people and the proportion with prospective study design increased significantly (P = 0.04 and P = 0.03, respectively) (Box 2). While the number of studies evaluating interventions also increased during 1994-2010, the proportion of all studies that were evaluative in design did not change (P = 0.56).
Critical appraisal
Two hundred and fifty studies (69.4%) were graded as good quality. Data quality improved significantly over time (P < 0.01) (Box 2). Quality was no different for descriptive compared with evaluative design (P = 0.42), or according to state or territory of the study sample (P = 0.46), urban compared with rural location (P = 0.37), study focus (P = 0.18) or for studies exclusively sampling Indigenous young people compared with those reporting disaggregated data (P = 0.36). Overall, 61 studies (16.9%) reported data for young people from urban areas, 116 (32.2%) reported data for young people from rural areas, 139 (38.6%) presented mixed data and 44 (12.2%) studies were unclear. Forty-one of the 61 studies focusing on urban populations were published in 2005-2010 (P = 0.02). The community, town or city from which the young people were recruited was clearly identified in 144 studies (40.0%). Most studies included young people from the Northern Territory, Western Australia and Queensland (Box 3). Compared with studies including disaggregated data, studies that exclusively included Indigenous young people were more likely to have sampled urban populations (41% v 25%; P = 0.03); however, there was no difference by state or territory (P = 0.22 of research did not change during 1994-2010 (P = 0.6). Studies that exclusively included Indigenous young people did not focus on injury at all. Study focus did not differ by study quality (P = 0.59), and we restricted further analysis to good-quality studies.
Of the 250 good-quality studies, three reported multiple indicators of health for Indigenous young people [25] [26] [27] and seven reported mortality (not cause-specific) for the NT, WA, South Australia and Queensland. The remaining 240 good-quality studies included 124 studies of health outcomes (Box 4) and 116 studies of exposure to health risks.
Health outcomes
The 124 good-quality studies of health outcomes comprised 109 descriptive studies and 15 that evaluated an intervention.
Group Ia: Communicable diseases: Thirty-seven descriptive and eight evaluative studies focused on communicable diseases. Descriptive studies mostly provided prevalence estimates from surveillance studies: 13 provided goodquality data for sexually transmitted infections and nine reported tuberculosis notifications. The eight evaluations focused on testing (4) and treatment (4) approaches.
Group Ib: Maternal, perinatal and nutritional conditions:
There was a paucity of data on maternal diseases; one retrospective hospital-based study included some measures of obstetric risk among Indigenous teenage mothers and associated perinatal outcomes and was categorised under health-risk exposure.
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Group II: Non-communicable diseases: Fifty-seven descriptive studies and six evaluative studies focused on non-communicable diseases. Eighteen studies focused on mental disorders, nine of these on harmful substance use. Data on depression, anxiety and psychosis were limited. Fifteen descriptive studies focused on oral health; however, we did not identify any studies evaluating interventions. Four studies focused on cardiovascular disease (all on rheumatic heart disease), including a study on mortality. 29 One study measured mortality related to cervical cancer.
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Group III: Injury: Thirteen descriptive studies focused on injury, and included three descriptive studies of suicide and one study of fatal unintentional injury. [31] [32] [33] [34] One study evaluated a community project to address both intentional and unintentional injury. 35 
Health-risk exposures
The 116 good-quality studies of health-risk exposures comprised 90 descriptive studies and 26 that evaluated an intervention. Eleven studies focused on nutrition and lifestyle, 11 on social-emotional wellbeing, eight on education and nine on justice. Twenty studies focused on sexual and reproductive health, including nine studies of adolescent pregnancy and 11 of related perinatal outcomes. Ten studies focused on health access and included four evaluations. A further eight studies focused on housing, community or parenting. Thirty-nine studies focused on the 11 key risk factors, with eight of these focused on more than one risk factor (Box 5). There were good data for substance use, and while data for unsafe sex were limited, two studies evaluated interventions.
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Discussion
Most health-outcome data for Indigenous young people published during 1994-2010 focused on communicable diseases, oral health and substance use. There were also some good-quality data for health-risk exposures related to adult non-communicable diseases (such as substance use, physical activity and diet) and for adolescent pregnancy, including some data on perinatal outcomes. These data illustrate how the health of today's Indigenous young people will affect the health of Indigenous Australian adults and their children in the years to come. The quality of data improved over time, but there were still some important gaps. Data for urban locations were limited, as were data for mental disorders and injury. Data on the health of adolescent mothers were limited, despite fertility peaking in this age group. 4 Mortality data were not available for all jurisdictions of Australia, and cause-specific estimates were limited. Overall, there was also a paucity of evaluation of programs and interventions. Identification of these gaps may assist in considering future research needs. It is important not to interpret these findings as overinvestment of research in some health areas. For example, sexually transmitted infection causes a disproportionate burden of poor health among Indigenous young people, 38 and relevant good-quality data are likely to have informed the national strategy prioritising control of sexually transmitted infections among Indigenous Australians, particularly young people. 39 We mapped the focus of studies using the burden of disease framework because using a predefined schedule of health outcome and risk allowed for objective assessment of any data gaps. It is not possible, however, to directly compare the scope of these publications to estimates of the burden of disease among Indigenous young people. Agedisaggregated data allowing calculation of disease burden for 10-24-year-olds were not available. 6 Furthermore, estimates reported in the Australian Indigenous burden of disease study are dependent on quality input data, largely missing for Indigenous people living in urban settings 13 and in areas such as mental health. 40 With these limitations in mind, mental disorders and injury together account for 56% of the burden of disease among Indigenous people aged 15-34 years (calculated from annex tables). 6 This proportion is similar for mental disorders and injury in young people aged 10-24 years globally. 41 Burden of disease, however, is only one marker of research priority; priorities identified by Indigenous young people and their communities are a fundamental consideration. For example, a qualitative study of Indigenous adolescents in a remote area identified substance use, violence, boredom and racism as significant issues. 25 Placing the findings of our study in this context, there appears to be a mismatch between estimates of the burden of disease, needs reported by young people, and the focus of research studies in Indigenous young people. The potential for implementing effective (and cost-effective) prevention and intervention is an additional consideration. 42 The findings of our study are similar to a review of Canadian Indigenous health research that found research was primarily focused on health conditions amenable to "curative services". 43 One possible explanation is that competitive research funding and policy (such as Closing the Gap) encourages investment in health targets that are easily measured and amenable to simple intervention: this is a well recognised challenge of global health policy where there has been acceptable progress towards goals targeting individuals (ie, child survival), while goals such as gender equality and maternal health (shaped by socioeconomic and cultural determinants) have lagged. 44, 45 Despite social determinants playing a central role in Indigenous health inequality, 8 we identified few studies that focused on social exclusion or socioeconomic inequality (justice, education, employment or housing). Less than a third of descriptive studies measured a determinant.
Three-quarters of all young Indigenous people live in urban and regional areas. 3 Despite this, overall investment in research involving this population was limited, although it is improving. Challenges of conducting urban Indigenous health research are distinct from the cost and methodological challenges of rural research. 46 There are no geographical boundaries or readily identifiable target populations that allow identification of Indigenous Australians living in urban settings. 13 Appropriate consultation and collaboration (essential principles of Indigenous health research) in this context may involve a large number of communities and organisations and requires time, flexibility, and resourcing, [47] [48] [49] [50] which are increasingly at odds with research grants that focus on timely outputs. Developing a robust evidence base may also require non-standard approaches. While Indigenous health research is often conducted in collaboration with Aboriginal communitycontrolled health services or Aboriginal medical services, 13 the Western Australian Aboriginal Child Health Survey showed that only 12% of Indigenous 12-17-year-olds had contact with an Aboriginal medical service in the preceding 6 months, with contact lowest among those living in the most urbanised settings. 51 Data linkage may provide one mechanism to better understand patterns of health and social service access.
Health needs and opportunities for intervention vary significantly across the 10-24-years age band. We did not disaggregate our analysis by age subgroup because almost two-thirds of studies included multiple age subgroups. Additionally, we only included peer-reviewed literature; the grey literature may fill some of the identified gaps. The Western Australian Aboriginal Child Health Survey, for example, is published in four volumes and includes mental health data for 12-17-year-olds. 52 The findings of our study serve two main purposes. First, we have identified some good-quality literature that can be used to inform health policy and programs to improve the health of young Indigenous Australians; a synthesis of this literature is forthcoming. Second, the findings provide a framework to allow Indigenous communities, researchers, funding bodies and the NHMRC to consider priorities for future research. Marriage of health research to need can only occur with consultation, engagement and the trust of Indigenous communities. This is essential for priority setting, dealing with sensitive health issues (such as mental health, injury and sexual and reproductive health) and appropriately and sustainably engaging young Indigenous Australians in understanding and addressing their health needs. 
